In Bangladesh, rice prices are known to be positively associated with the prevalence of child underweight and inversely Spearman correlations (all P , 0.0001). The frequency of meat and egg consumption showed greater variation across quintiles of total monthly expenditure than other items contributing to the dietary diversity score. After controlling for other measures of socioeconomic status in multiple linear regression models, the dietary diversity score was significantly associated with monthly per capita food and total expenditures. Low dietary diversity during the period prior to major food price increases indicates potential risk for worsening of micronutrient deficiencies and child malnutrition in Bangladesh.
Introduction
Food security is defined by a state in which "all people, at all times, have physical and economic access to sufficient, safe, and nutritious food to meet their dietary needs and food preference for an active and healthy life" (1) . Historically, food security in Bangladesh has often been equated with achieving selfsufficiency in rice production, stability in rice prices, and energy availability (2, 3) . Agricultural policies emphasizing production 1 Published in a supplement to The Journal of Nutrition. Presented at the workshop "The Impact of Climate Change, the Economic Crisis, and the Increase in Food Prices on Malnutrition," held in Castel Gandolfo, Italy, January 25, 2009 . The workshop was organized by Martin W. Bloem, United Nations World Food Programme, Rome, Italy; Klaus Kraemer, Sight and Life, Basel, Switzerland; and Richard D. Semba, Johns Hopkins University School of Medicine, and with the support of an educational grant from Sight and Life, Basel, Switzerland. Supplement contents are solely the responsibility of the authors and do not necessarily represent the official views of the organization that they are affiliated with. Publication costs for this supplement were defrayed in part by the payment of page charges. This publication must therefore be hereby marked "advertisement" in accordance with 18 USC section 1734 solely to indicate this fact. Supplement Coordinator disclosures: Martin Bloem, Klaus Kraemer, and Richard of rice, market liberalization, and technological innovations of the green revolution enabled the country to more than double rice production from the 1960s to the present and reduce its dependency on food grain imports from 12% in 1980 to 5.5% in 2004 (4) . The focus on households' access to rice as an important component of food security makes sense, given that rice and wheat contribute 74% of total energy intake and 57% of total protein intake in the country and account for nearly onehalf of all food expenditures (2, 5) .
Indeed, historical analysis of surveillance data has shown a strong association between rice prices, expenditures on rice, and child undernutrition; as rice prices decline, the prevalence of child underweight also falls (6) . Yet, a full understanding of the association between rice prices and undernutrition must also explore issues related to the quality of the diet. Research has shown that as rice prices fall, households in Bangladesh continue to purchase the same amount of rice as when rice prices are high (6) . A decrease in rice prices enables households to spend more money on nonrice foods such as meat, fish, fruit, oil, and vegetables that tend to be more concentrated sources of nutrients essential for growth and health. A diverse diet, rare among poor populations in developing countries, proves especially important for infants and young children who need essential micronutrients and energy for rapid physical and mental development (6) (7) (8) . In rural Bangladesh, per capita consumption of vegetables, fish, and tubers falls short of the minimum level recommended by the government for a healthy life, whereas an even larger deficit exists for pulses, fruits, oils, and livestock products (2) .
Indicators of dietary diversity, derived from the recall of the number of foods or food groups consumed over a given time period, have gained increased attention in both the nutrition and food security communities in recent years (9) . Dietary diversity indicators prove popular in part because the data are fairly easy to collect and are associated with dietary quality, energy intake, and food security (8, 9) . The use of dietary diversity indicators holds promise as a powerful tool for effective needs assessments and targeting, as well as efficient program monitoring and evaluation.
Many studies have linked household dietary diversity indicators to improved nutrient intake in developed and developing countries (8, (10) (11) (12) (13) . Though less frequently explored in peer-reviewed literature, household dietary diversity holds promise as a food security indicator as well. The underlying principle is simple; as poor households gain additional income they are better able to regularly access foods needed for a healthy life, thus increasing food security. Poor households often use additional income to purchase additional nonstaple foods, thus increasing household dietary diversity (6, 14, 15) . Indeed, a recent analysis found income was a significant determinant of household dietary diversity in Bangladesh (3) .
Past studies have validated food security measures by examining associations between the measure and proxies of household income, as well as markers of increased quality and quantity of the diet: total food expenditure and expenditure on food groups consisting of more expensive, nutrient-dense items (1, (16) (17) (18) . The present work builds on these analyses, identifying associations between a dietary diversity indicator and monthly per capita total expenditures, food expenditure, and expenditure on nongrain foods. This analysis adds to the literature supporting the use of dietary diversity measures as indicators that may be particularly useful in settings where more in-depth tools may not be easily applied. (19) . A stratified multistage cluster design was used and indicators were chosen based on the United Nations Children's Fund's conceptual framework of the causes of malnutrition (20) . Rural households were selected from 4 subdistricts in each of the 6 divisions of Bangladesh: Barisal, Chittagong, Dhaka, Khulna, Rajshahi, Sylhet, and the Chittagong Hill Tracts. Sampling was designed to statistically represent each of the divisions as well as the entire country of Bangladesh (19) .
Participants and Methods

Data collection
Two-person field teams, trained by Helen Keller International, collected data every 2 mo coinciding with the different seasons of Bangladesh, resulting in a total of 18 rounds of data collection over the 3 y covered in this paper. A new cross-sectional sample was drawn each round. Quality control was ensured by refresher trainings before each round of data collection and by random supervisor visits with repeated collection of a subsample of the data within 24 h of the initial data collection. A structured coded questionnaire was used to collect data. The household head or another adult household member provided information on the household's composition, weekly expenditures, land ownership, parental education, and other socioeconomic and health indicators. Each household was asked to report expenditures from the previous 7 d on rice, wheat, eggs, pulses, fish, vegetables, fruits, meat, poultry, milk, sweet biscuits, snacks, spices, sugar, cooking oil, and other foods. Data were collected on the following nonfood expenditures for the previous month: medical care, education, housing, agricultural inputs and livestock purchases, electricity, fuel, taxes, loan payments, and other household items. Expenditure variables were collected in Bangladeshi taka. A 7-d recall was used to collect information on the number of days each household consumed typical foods commonly available in rural Bangladesh, including yellow/orange fruits and vegetables, green leafy vegetables (shak), meat, chicken, fish, eggs, or pulses (dal).
Data analysis
A simple household dietary diversity score was created from the nongrain food groups described above. The score was calculated as the unweighted sum of the number of days in the previous week households consumed at least one item from each of the 7 food groups described above. The range of possible scores was 0-49.
In keeping with our interest in the validity of simple measures, the proxies used in this analysis for food security and household wealth are straightforward. In the absence of data on energy availability at the household level, we use household expenditures as our comparison measures for food security. Household level food consumption and food expenditure data were collected in the NSP using a 7-d recall. Though we consider dietary diversity and food security at the household level, we created per capita expenditure variables for use in the analysis to control for the effects of household size on spending. Monthly per capita nongrain food expenditure represents the sum of reported 7-d expenditure on the food categories given in the expanded list above, except rice and wheat, multiplied by the mean number of weeks per month (4.34 wk/mo).
Because few of the poorest households purchase large amounts of rice, a monetary value for in-kind rice was included in total food expenditure calculations (21) . Rice produced on a household's land, received as in-kind payment for labor, and received as a gift was reported in kilograms and assigned a monetary value determined by the daily market price of rice recorded at the time of the survey. This monetary value was summed with cash expenditure on grain and nongrain foods and divided by household size to calculate monthly per capita total food expenditure. Extreme outliers of total food expenditure were identified and removed during data cleaning. Nonfood expenditures, collected using a 1-mo recall period, were summed and divided by household size.
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The result was added to per capita total food expenditure to arrive at an estimate of monthly per capita total expenditure, a proxy for household income.
The amount of cultivable land owned by the household, another important socioeconomic indicator in Bangladesh, was reported in decimals. For analysis, we first calculated the hectare (ha) equivalent of the decimals owned and then created a categorical land ownership variable using cutoff values consistent with previous research in Bangladesh (2, 22) . Households owning 0 ha were categorized as landless. Land ownership fell into the following categories: marginal, which included any land up to 0.2 ha; small, from 0.201 to 1.0 ha; medium, from 1.01 to 2.0 ha; and large, which included any land .2 ha. The area of the main dwelling, in square meters, was calculated by multiplying the reported length and width. For both maternal and paternal education, values .12 were recoded as 12 y of education because of the small sample size of individuals with more than a high school level education.
Statistical analyses were performed using SAS Survey (SAS Institute). To represent the rural population of Bangladesh, analyses were weighted according to the population of each of the 7 divisions of Bangladesh and adjusted for the multi-stage cluster design of the NSP. The unit of analysis was the household and those with multiple children were counted only once. Spearman correlation tests were used to examine associations between dietary diversity score and expenditure variables, parental education variables, amount of cultivable land owned by household, the area of the main dwelling, sex of household head, and number of members in household.
Differences in mean dietary diversity score between quintiles of total expenditure and food expenditure were examined using 1-way ANOVA with multiple comparison tests undertaken using the Tukey-Kramer adjustment (P , 0.05). ANOVA models were also used to compare mean weekly household food expenditures, nongrain food expenditures, and expenditures on each individual food group by quintile of dietary diversity score. Multiple linear regression models were used to test associations between each expenditure variable and the score, controlling for land ownership, parent education, number of household members, and area of main dwelling. Values in the text are means 6 SD.
Ethics
The study protocol complied with Helsinki Declaration principles. The field teams were trained to explain the purpose of the NSP and data collection to each child's mother or caretaker and, if present, the father and/or household head. Data collection ensued only after participants gave written informed consent and all participants were free to end their voluntary participation at any point in the interview. The NSP was approved by the ethical review committee of the Bangladesh Medical Research Council. Secondary data analysis was approved by the institutional review board of the Johns Hopkins University School of Medicine.
Results
Basic socioeconomic characteristics of the 188,835 households surveyed are presented in Table 1 . The household size was 5.7 6 2.4. More than 90% of households had ,1 ha of land and the majority of households were landless (Table 1) . Most households relied on short-term employment for income; ,15% of main earners reported being employed full time, while the majority reported being employed on a short-term basis. Slightly more than one-half of the fathers and mothers in each household had received some formal education and, excluding those with no formal education, the number of years of education received by men was 4.5 6 7.4 y and by women was 3.8 6 6.0 y. The total household monthly expenditure was 696 6 583 taka (equivalent to 11.6 US$ at the time of the study). About 60% of household total expenditures were spent on food. Household dietary diversity scores ranged from 0 to 43, the mean score was 10.3 (4.9), and quintiles for the scores are presented in Table 2 .
Significant positive correlations were found between the dietary diversity score and the 3 per capita expenditure variables ( Table 3) . Not surprisingly, the strongest correlation was between the dietary diversity score and per capita nongrain expenditures (r = 0.415; P , 0.0001). The magnitude of the correlations between the dietary diversity score and per capita total expenditure and the per capita total food expenditure was similar (r = 0.332 and 0.327, respectively; P , 0.0001). Significant associations were also observed between dietary diversity and other indicators of socioeconomic status, including parental education, area of main dwelling, and amount of cultivable land owned by the household (P , 0.0001). Sex of household head was weakly associated with dietary diversity score (r = 0.038; P , 0.0001). A linear positive relationship was observed across quintiles of per capita total household expenditure (Fig. 1) . Similar relationships were observed for per capita household food expenditure and per capita household nongrain food expenditure (data not shown).
Per capita total food expenditure and per capita nongrain food expenditure differed significantly between all 5 dietary diversity quintiles and an increasing trend in these expenditures was observed with increasing dietary diversity score ( Table 4) . Among the specific food expenditure categories, expenditures on meat and fruit had the largest proportional increase between the lowest and highest quintile of dietary diversity score (P , 0.0001). Differences in the means between each quintile were significant for all food groups except for rice (P , 0.0001). Rice expenditures did not differ between the 3rd and 4th or between the 4th and 5th dietary diversity quintiles. There was little variation in frequency of vegetable consumption over the previous week across quintiles of total monthly expenditures ( Table 5) . Whereas meat was consumed relatively infrequently by households in all quintiles, there was more than a 4-fold difference in consumption between the first and 5th quintiles (P , 0.05). Similarly, egg consumption differed markedly between the first and 5th quintiles (P , 0.05).
In multivariate models, after adjusting for the presence of other covariates, each unit increase in dietary diversity score was associated with an increase of 29.2 taka of per capita monthly total expenditure, 16 taka of monthly total food expenditure, and 15.6 taka of monthly nongrain food expenditure ( Table 6) .
Comparisons of regression models showed that the dietary diversity score was better able to account for the variance in monthly nongrain expenditures than for per capital monthly total expenditure or per capita monthly total food expenditure.
Discussion
Increasingly, tools based on simple food frequency recalls are being used to assess both food security of populations in developing country settings and the nutrient adequacy of the diets they consume. The analyses presented here suggest that a simple household dietary diversity score composed of 7 food groups is fairly well correlated with often-used indicators of food security and socioeconomic status in rural Bangladesh, including nongrain food expenditures, total household expenditures, total food expenditures, parental education, house size, and the amount of cultivable land owned by households (Table  3 ). The dietary diversity score consistently reflected associations with food security as measured by total food expenditure and nongrain food expenditure.
This analysis shows that even prior to the recent food price crisis and global economic downturn, there was relatively little variety in the diet of rural Bangladeshi households. Even households in the upper quintile of total household expenditure consumed meat, legumes, fruits, and eggs ,2 times in the previous 7 d (Table 5 ). Per capita spending on rice differed little between households in the different quintiles of dietary diversity score. However, those households in the highest dietary diversity quintile as measured by the score spent more than 7 times more on meat, more than 6 times more on fruit, and nearly 6 times more on eggs than those households in the lowest dietary diversity quintile. Our findings suggest that nearly all households, even those in the poorest expenditure quintile, prioritize the purchase of staple foods. Yet, those with lower dietary diversity scores are likely to be much more deficient in their intake of micronutrient-rich foods, especially those of animal origin. These findings are consistent with a study validating another food security indicator in which households classified by the indicator as moderately and severely food insecure consumed significantly less meat, eggs, and fruit than households classified as food secure (16) .
The results also corroborate findings from a multi-country study that showed significant positive associations between dietary diversity and per capita purchases of food and nonfood goods as well as between dietary diversity and 7-d food intake (17) . Similar to our finding that the simple dietary diversity score was positively associated with mean expenditures on nongrain food groups, but not as strongly associated with food expenditures that included rice, the multi-country study found the positive association between increased dietary diversity and per capita energy availability was stronger for nonstaple foods than for staples (17) .
The dietary diversity score used in this analysis suffers from some limitations that are largely related to its virtues as a simple score for gauging household socioeconomic status and food security. First, no data were collected about the serving sizes or quantity of food that households consumed from a particular food group. The score also cannot account for differences in quality of foods from within the same food group. For example, a large fish may cost a household so much as to limit consumption of that fish to just 1 time per week, yet some of the nutrients consumed might exceed those consumed by a household eating small fish several times in the same week. Thus, the score may indicate that 2 households have similar access to food groups when in fact they consume diets of very different nutrient quality. Recent research suggests that while a simple dietary diversity score may be a fairly accurate predictor of nutrient adequacy, a score based on minimum portion size requirements strengthens correlations between the score and nutrient adequacy (23) . Similarly, administering the 7-d recall to households more than once would be expected to reduce potential misclassifications associated with one-time events (such as weddings or funerals) that may have been captured in a one-time recall.
The dietary diversity score used in the present analysis may also lack comparability with scores validated in other contexts. The 7 food groups included in our score are fewer than the 10 groups proposed in recent guidelines by the FAO of the United Nations to standardize dietary diversity score validation (24) . While consistency would enhance comparison across settings, recent work examining 5 dietary diversity scores of varied construction found that none proved better than the others at predicting energy consumption (25) . Food group choices for the score used in our study were based on the availability of food consumption information in the NSP dataset. However, given the relative lack of variety in the rural Bangladeshi diet, it is likely that the inclusion of fewer items may still have enabled us to capture much of the variety present in the diet compared with settings where variation might be greater. Despite these limitations, these findings suggest that the present dietary diversity score can serve as a useful tool for assessing food security status in rural Bangladesh, particularly in situations where rapid assessments are undertaken following disasters or where it is impossible to administer lengthy questionnaires. Future research exploring the benefits and practicalities of collecting information on portion size as part of such a method is needed, which could potentially enhance its usefulness as an indicator of nutrient adequacy. Future work could look into relationships between the dietary diversity score and indicators of nutritional status. Considering the seasonal nature of food availability in Bangladesh and the impact of season on dietary diversity shown in prior research, the score should be analyzed for consistent utility across seasons (3) . Finally, although a recent study was unable to identify an effective threshold value that might be used across settings to consistently identify households falling below a given level of energy consumption, it would be useful to look into potential cutoff values of the score that might be used to identify households that would benefit from food and nutrition assistance programs in Bangladesh (25) .
In conclusion, the significant differences in nongrain food spending and consumption between poorer and wealthier households in the present analysis draw attention to the need to consider a broad definition of food security, particularly when developing policy responses to food crises. Indeed, analysis of data from Bangladesh has consistently shown that the percentage of underweight children was lower in households who spent more on nonrice foods (6, 26) . While the findings presented here reinforce the idea that lowering the price of rice will enable households to diversify their diets, the fact that even those in the upper quintile of expenditures consume animal source foods infrequently suggests the need for interventions that specifically address micronutrient deficiencies to be part of the response to food crises (27) .
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